Background: Guinea worm -Dracunculus medinensis -was historically one of the major parasites of 25 humans and has been known since antiquity. Now, Guinea worm is on the brink of eradication, as 26 efforts to interrupt transmission have reduced the annual burden of disease from millions of 27 infections per year in the 1980s to only 30 human cases reported globally last year. Despite the 28 enormous success of eradication efforts to date, one complication has arisen. Over the last few 29 years, hundreds of dogs have been found infected with this previously apparently anthroponotic 30 parasite, almost all in Chad. Moreover, the relative numbers of infections in humans and dogs 31 suggests that dogs may be key in maintaining transmission in that country.
female larvae. More surprisingly, most of the DNA samples extracted from female worms showed 171 similarly low relative coverage of these two scaffolds. We suggest that this is because much of the 172 material extracted from these specimens is actually from L1 larvae remaining in the body of the 173 female worm section. This seems plausible, as much of the female body comprises uterus containing 174 several million larvae (Cairncross et al., 2002) , and if the female body was largely degraded that 175 explains the difficulty we had in extracting DNA from many samples.
176
To confirm this, we generated sequence data for juvenile worms harvested from a domestic ferret 177 experimentally infected with D. medinensis (Eberhard, Yabsley, et al., 2016) . These worms were 83 178 days old and pre-patent (and thus comprised only or largely somatic tissue), but could be 179 morphologically identified as male and female. Analysis of data from these worms (Figure 2a) 180 confirmed that the scaffolds with low coverage showed this pattern specifically in male worms, 181 while the female worm showed essentially even coverage across the largest scaffolds, including the (Cotton et al., 2016) : these data suggest that this was already 187 present in Dracunculus, as well as filarial nematodes as previously suggested (Post, 2005) .
188
We thus used the ratio of mean coverage between the 3 largest autosomal scaffolds and 2 longest X 189 chromosome scaffolds as a measure of the proportion of genomic DNA in our sample derived from 190 larval vs female tissue, under the assumption that larvae are an equal mixture of the two sexes 191 ( Figure 2b) . These data confirm that many samples contain substantial amounts of larval-derived 192 DNA. One sample had a particularly high value for this statistic -for this sample, the mean coverage 193 on scaffold X_DME_002 was inflated by the presence of a small region of extremely high read depth.
194
X chromosome scaffolds were also excluded from subsequent population genetic analyses likely to 195 be sensitive to the different dosage of these chromosomes (see Methods). Supplementary Table 1 ), 201 which given the mapping parameters used suggests that many regions of the genome are more than 202 5% divergent between species. This was confirmed by variant calls in those regions of good read 203 mapping: even given the poorer mapping quality, around 2.9 million sites varied between the three 204 species, suggesting genome-wide divergence of at least 3% of the 103.8 Mb genome, as the mapping 205 difficulty meant this is likely a significant underestimate. While interpretation of absolute divergence 206 levels is difficult, our lower-bound estimate of divergence between these species is much greater 207 than between different species of Onchocerca (O. ochengi and O. volvulus, respectively), which are 208 less than 1% divergent (Cotton et al., 2016) and is consistent with having hundreds of thousands of 209 years of independent evolutionary history. A principal components analysis (PCA) of SNP variants 210 between these samples confirmed that samples from each species cluster closely together, and that 
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Other approaches to investigate population structure support these conclusions. Bayesian clustering 233 using MavericK strongly supported a model of only 2 populations (K=2) for these data, with posterior probability of 1.0 for this value of K. The two populations divided worms collected in Chad from 235 those collected elsewhere, with the exception of the Chad worm 2015-5ChD, which clustered with 236 those from other countries, as in the PCA and phylogeny. Analysis with Structure suggested that K 237 values of between 2 and 4 fitted the data well. In all cases these analyses clustered worms largely by 238 geographical origin, and not by host. In the highest K values, most Chad worms had mixed ancestry 239 between two Chad populations, and in no analysis did worms from different host species cluster 240 together more than expected (Supplementary Figure 4) . As expected, differences in allele 241 frequencies between worms from dog infections and human cases within Chad are low (mean Fst 242 0.01806, 99% confidence interval 0.0172-0.0189; median Fst 0.0114, CI 0.0109-0.0118) and 243 consistently low across the genome (Supplementary Figure 5) , confirming that there is no genetic 244 difference between worms infecting dogs and humans.
245
Mitochondrial genome data confirms the geographic structure of the D. medinensis population
246
To allow us to study a wider range of samples, we called variants against the mitochondrial genome Table 3 ) for these groups confirmed the pattern suggested by phylogenies and PCA: 
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(MCMC) procedure (see Figure 5a ). In both scenarios, worms from Chad were more closely related 295 to those from the East African group than to the West African group. By far the strongest support 296 (average 97.9% of posterior samples, over 3 replicate sets of 100 random loci) supported a single 297 Chad population of worms that emerged from both human and dog hosts.
Using this highly supported population history, we used a second coalescence approach to estimate 299 parameters describing the demographic history of the three regional present-day populations and 300 the ancestral populations that gave rise to them (Figure 5b ). Assuming a similar per-generation 301 mutation rate to C. elegans and a generation time of 1 year, these analyses suggest that the Chad 302 and East African populations have been separated for at least several thousand years, and that 
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Relatedness between D. medinensis isolates 308
Our population genetic evidence supports the idea that a single, diverse population of Guinea 309 worms exists in Chad and is infecting both humans and animal species. More direct evidence of 310 transmission between host species would be genetic relatedness between worms that emerged in 311 different species. We employed a method to estimate pairwise relatedness between isolates based 312 on SNP variants that is intended to be robust to population structure. Kinship is the probability that 313 a random allele sampled from each of two individuals at a particular locus are identical by descent.
314
The expected value in an outbred diploid population is 0.5 for monozygotic twins and 0.25 for full 315 sibs or parent-offspring pairs.
316
The median kinship across all pairs of samples we find is low, but non-zero (0.0078; approximately 317 that expected for third cousins), but worms from the same countries are much more highly related 318 (e.g. average kinship of 0.0846 for pairs within Chad). There is clear geographic structure to kinship 319 in these data, as most worm samples from the same countries are related to at least one other 320 sample from that country with kinship of close to 0.25 or higher ( Figure 6 
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The three pairs we identify are all of significant epidemiological interest. One appears to confirm 
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We have identified three pairs of worms with high kinship that emerged in consecutive years, which 354 we propose may represent transmission events. If so, our data confirm that cross-border 355 transmission of Guinea worm infection can occur (from South Sudan to Chad in this case) and that 356 infections can be passed from dog to dog and from humans to dogs. Unfortunately, we did not 357 observe dog to human transmission directly in these data, although this is likely to be due to the 358 small number of transmission events we could reconstruct, rather than because these transmissions 359 are rare. Interpreting kinship in an inbred population is difficult, so these genealogical links must be 360 considered only provisional, although we note that all three pairs of larval-adult samples for which 361 we had good sequence coverage were correctly identified by this approach. While our data do not 362 speak directly to the changes in lifecycle that might be driving transmission through dog hosts in 363 Chad, both the long-range nature of these 3 transmission events and the fact that they imply 364 different directions of movement along the Chari river basin would seem to lend some support to 365 the idea that a paratenic or transport host could be involved. In particular, as one event is between 366 two dog hosts, human movement may be less likely to be involved. It has been demonstrated 367 experimentally that D. medinensis can pass through tadpoles as paratenic hosts and fish as transport Our coalescent models of the Guinea worm population genetic data appear to confirm the 373 geographical structure of these populations, and that worms from human cases and dog infections 374 in Chad form a single population. The estimates of population divergence dates imply that the 375 genetic structure we observe between different regions of Africa predates recent control efforts and 376 likely represents historical population structure. The oldest subdivision we observe, at around 377 20,000 years ago, coincides with the last glacial maximum when Africa was likely to be extremely 378 arid, even compared to present-day conditions (Hoag & Svenning, 2017) . Similarly the more recent 379 divergence between East African and Chad populations at around 4,000 years ago is during the 
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Our quantitative model suggests that all three present-day populations have large average effective 394 population size (Ne) (of the order of thousands to low tens of thousands) over thousands of years.
395
The modelling approach we have used is not able to detect more recent changes in these 396 populations, and interpreting these estimates is challenging, as genetic effective population sizes are 397 influenced by many factors such as breeding systems, demography and selection. In particular, However, we see few Chad worms that are closely related to worms from any of the neighbouring 407 countries for which we had access to samples, so this possibility is purely speculation, and it would 408 seem that quite large-scale influx would be required to explain the level of diversity we see in Chad 409 by migration. Without historical samples, it also remains uncertain to what extent the population 410 structure we see in African Guinea worm today would have been different 30 years ago, when the 411 census population size of the worms was more than three orders of magnitude higher and worms 412 were still widespread in Africa. Our coalescence model suggests that at least Chad and the East
413
African populations we have sampled were still largely distinct at this time, but we have not been be key in providing certainty about the pathogen involved, and thus ultimately in allowing the WHO 454 to declare that the world is free of Guinea worm.
455
Our work has clear implications for other parasite systems as we move into an era intended to see 456 enhanced control efforts, regional elimination and even eradication for several neglected tropical *parasites originated from an infected dog from Chad
